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Pathological images are used to examine the microscopic patterns of tissue. However, the color of pathological 

images may have variation depend on the staining laboratory facility or the pathologist. The color variation 

becomes a problem specifically in the telepathology which will integrate some of pathological imaging systems. 

To overcome this problem, this study focused on a method of color adjustment in HE (Hematoxylin and Eosin) 

stained slides with case study on kidney tissue, and compared the spectral differences of tissue component i.e. 

fibrotic, nucleus, and cytoplasm structures. This work was applied by using a 61-bands microscopic multispectral 

camera. The statistical analysis was calculated to get the characteristic of these three tissue components from dye 

amount images. 
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1. Introduction  
In pathological diagnosis, tissue staining becomes one of the necessary processes. One of the most 

important staining methods is Hematoxylin and Eosin (H & E) stain. However, the chemical reaction of the 

HE stain is very sensitive depending on the dyeing time, temperature and pH of the solution, and also the 

characteristic of microscope and camera. Therefore, it is difficult to maintain practical staining under 

various conditions in a standardized one, and this variety results the pathological imaging color variation. 

In telepathology, this color variation becomes a problem, because some pathological images generated by 

various facilities should be examined. To overcome the above problem, Abe et al1 had proposed color 

correction method by adjusting dye amount of Hematoxylin and Eosin in the pathological liver image. In 

this paper, we investigate the feasibility of applying the color control method based on dye amount 

adjustment into kidney images, and observe the statistic characteristics of fiber, nuclei, and cytoplasm of 

the dye amount image. 

2. Method  
The HE slide is stained by several dyes and processed by some of the staining mechanisms. Hence, the 

color adjustment was performed corresponding to each staining procedure separately. The correlation 

between a multispectral image pixel value and the spectral transmittance of a stained slide can be expressed 

as follows1: 

(1) 

 

where Sk(λ) is the camera sensitivity spectral product, and the optical filter transmittance at kth band. E(λ) 

represents the light source radiance, nk is the additive noise. t(λ) is spectral transmittance of a pixel in the 

slide which be estimated by using the Wiener technique.  
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Beer-Lambert law was applied to show the relation between the spectral transmittance and the dye 

amount of a stained slide. It can be seen as follows1: 

    

(2) 

       

Where 𝑡(𝜆)is a spectral transmittance, 𝑡𝑔(𝜆) is the glass slide spectral transmittance,  Ɛ𝑖(𝜆) is the spectral 

absorption coefficient, 𝐶𝑖 is the amount of dye, with i=1,2,3 respectively for haematoxylin, eosin, red blood 

cell.  

Since currently the HE staining standard has not available yet, a considered ideal HE staining sample 

was used as reference image. The spectral absorption coefficient Ɛ𝑖(𝜆) was measured by three pure stained 

samples respectively for haematoxylin, eosin, and unstained image which shows only erythrocyte pattern. 

The referenced image (𝐶𝑖 𝑟𝑒𝑓) was applied to equation (2) to get the referenced of the multispectral signal. 

Usually 𝐶𝑖 𝑟𝑒𝑓 depends on tissue structure such as nuclei, fibrosis, and cytoplasm, etc.  

   

 (3) 

 

In order to estimate the weighting coefficient(𝜔𝑖), equation (4) was used.  

(4) 

 

By using this estimated weight 𝜔𝑖, the corrected spectral transmittance 𝑡′(𝜆) is calculated by equation (5).

             

               (5)   

 

 

3. Experiments 
Human kidney tissue HE-stained specimens from BioChain Institute was used in this experiment, which 

collection and handling process conformed to Good Clinical Practice (GCP) regulations with the 

Institutional Review Board (IRB) process and informed patient consent forms being required for each 

sample. The spectral features were extracted from images captured by a hyperspectral camera (EBA Japan, 

NH-3) and Olympus BX-53. The HSIs images are converted to RGB images. The size of these images is 

752 x 480 pixels, the wavelength range is 420 – 720 nm, and 61 bands of 5 nm interval. Light source use 

LED lamp. Statistical analysis is done by using Matlab R2016b. 

 

 

 

 

 

 

 

Figure 1. Flow of the Staining Adjustment Method 

Figure 1 is the flow of the staining adjustment method in this experiment. First, dye amount image (𝐶𝑖 ) 

was estimated from the measured multi spectral image and spectral absorption coefficient using equation 

(2). Second, we calculated a referenced multispectral signal −𝑙𝑜𝑔{𝑡(𝜆)/𝑡𝑔(𝜆)}
𝑟𝑒𝑓

based on three of pure 
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dye amount images 𝐶𝑖 𝑟𝑒𝑓 using equation (3). Third, we calculated the weighting value (𝜔𝑖) based on this 

referenced multispectral signal using equation (4). Fourth, the corrected multispectral signal 

−𝑙𝑜𝑔{𝑡′(𝜆)/𝑡𝑔(𝜆)}  was determined by using equation (5).  

The absorption coefficient Ɛ𝑖(𝜆) of H, E, and red blood cell, could be seen in the figure 2, blue, pink, and 

red line respectively represent hematoxylin, eosin, and red blood cell. Figure 3 shows the controlled RGB 

HE kidney images by adjusting the weighting values, those obtained by simulating the changing of weight 

factor of the hematoxylin and eosin components. The increasing of weight coefficient for Hematoxylin 

makes the blue color more dominant, and the increasing of weight coefficient eosin make pink color more 

dominant. Figure 4a, 4b respectively are an ideal and a corrected RGB (red, green, blue) HE kidney.  
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                             (a)                                         (b)                                 (c) 

Figure 5. Sampling point of fiber in absorbance image (a)hematoxylin, (b)eosin, (c)red-blood-cell 

 

 

 

 

 

 

 

(a)                                (b)                     (c) 

Figure 6. Sampling point of nuclei in absorbance image (a)hematoxylin,(b)eosin, (c)red-blood-cell 

 

 

 

 

 

Figure 2. Spectral absorption coefficient 

Figure 3. RGB images reproduced by simulating the 

weighted dye amount of Hematoxylin and Eosin 

. Figure 4.a. 

Referenced image 

Figure 4.b. 

Corrected image 
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(a)                         (b)                 (c) 

Figure 7. Sampling point of cytoplasm in absorbance image(a)hematoxylin,(b)eosin,(c)red-blood-cel 

 

 

 

 

 

 

 

 

 

 

 

 

(a)                                                (b) 

  

                                                                    

 

 

   

 

 

 

 

      (c)                                                       (d) 

 

Figure 8. Dye amount intensity: (a) fiber, (b) nuclei, (c) cytoplasm, (d) all regions 

We investigated the distribution of pixel intensity values of dye amount from the selected candidate 

point of fiber, nuclei, cytoplasm, and all regions. Figure 8a, 8b, 8c, 8d respectively show the dye amount 

values of fiber, nucleus, cytoplasm, and all regions. The statistical calculation from these four data can be 

seen in table 1 for fibers, table 2 for the nucleus, table 3 for cytoplasm, and table 4 for all regions. 

   Table 1. Statistical result of fiber        Table 2. Statistical result of nuclei 

  

  

Table 3. Statistical result of cytoplasm        Table 4. Statistical result of all regions 

 

 

 

 

Based on these statistical data, the mean of fibers for hematoxylin was 0.2, 0.9 for eosin, and 0.25 for 

RBC. The mean of the nucleus was in 1.09 for hematoxylin, 1.43 for eosin, and 0.25 for RBC. The mean 
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of cytoplasm was in 0.3 for hematoxylin, in 1.24 for eosin, and 0.28 in RBC. The mean for all regions was 

0.4 for hematoxylin, 0.97 for the nucleus, and 0.26 for RBC. 

4. Conclusion 
This work has shown the characteristic of the candidate of fiber, nuclei and cytoplasm in HE stained kidney 

image based on dye amount image intensity. This study could be used to clarify the appearance of fiber, 

nuclei, and cytoplasm in the HE stained image. In the future work, this work will be confirmed by 

pathologist, and will be applied to other organs for further classifications. 
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